Abstract: The purpose of the present study was to identify the factors associated with dental trauma in preschool children. This case-control study was nested in a population-based cross-sectional study involving a random sample of 301 children one to five years of age in the city of Diamantina, Brazil. The case group was made up of children with at least one fractured deciduous tooth, and the control group was made up of children with no deciduous tooth fracture. The two groups were matched for age in a proportion of one control for every case. The dependent variable was "dental trauma," diagnosed according to the criteria proposed by Andreasen and Andreasen. The independent variables were overjet, measured and considered accentuated when surpassing 3 mm, and lip coverage, classified as adequate or inadequate. Clinical oral examinations were performed by calibrated dentists. The parents provided information on the socioeconomic indicators. Statistical analysis involved the McNemar test and logistic regression. Each group (case and control) was composed of 92 children. In the bivariate analysis, traumatic dental injury (TDI) was associated with overjet > 3 mm (p = 0.001), inadequate lip coverage (p < 0.001), mother's schooling (p = 0.028) and household income (p < 0.001). In the multivariate analysis, only inadequate lip coverage was associated with TDI (OR: 5.35; 95% CI: 1.37-20.85). In conclusion, the case group children had a 5.3 -fold more likely chance of presenting inadequate lip coverage, compared with the control children.
Introduction
Traumatic dental injury (TDI) is a common occurrence in the primary dentition. Epidemiological studies carried out in different countries reveal a variety of prevalence rates, such as 6.2% among Indian children 1 and 25.6% among Irish children. 2 In Brazil, the prevalence rates of TDI in the primary dentition are reported to range from 9.4% 3 to 62.0% 4 . These high frequencies of occurrence and the impact on both the child and family make TDI a public health concern. 5, 6 Moreover, children with TDI in the primary dentition may complain of pain, emotional discomfort stemming from altered facial esthetics and problems concerning development of the occlusion and permanent teeth.
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The etiology of TDI in the primary dentition is related to biological, socioeconomic and environmental factors. 4, 9, 10, 11, 12, 13, 14, 15, 16 Accentuated overjet, inadequate lip coverage, gender, age 4, 15, 17 and socioeconomic indicators (household income and parents' schooling) are reported to be associated with a greater TDI prevalence rate in the primary dentition. 15, 18, 19 Knowledge about factors associated with TDI has been acquired from cross-sectional studies and has provided important information for the drafting of preventive measures and for oral healthcare planning. 11, 20 However, the cross-sectional study design does not allow the evaluation of multiple risk exposures or the simultaneous identification of different risk factors. Thus, different designs (e.g., case-control studies, prospective studies, etc.) are needed to allow the simultaneous investigation of a set of potential risk factors 21 that may be associated with TDI in the primary dentition, as well as possible interrelations among these factors.
The purpose of this study was to identify risk factors for TDI in the primary dentition.
Methodology Study design and sample characteristics
A population-based case-control study was carried out among children one to five years of age treated during immunization campaigns in 2010 and 2011. This case-control study was nested in a cross-sectional study 22 with a sample of 381 children one to five years of age from Diamantina, Brazil. Cases and controls were selected during the cross-sectional study. The case group was composed of children with at least one fractured deciduous tooth, as determined by the clinical exam. The control group was composed of children with a non-fractured deciduous tooth. The two groups were matched for age at a proportion of one control for every case. Children with missing incisors due to exfoliation, and those with major decay from dental caries in the upper or lower incisors, were excluded.
In this study, TDI was considered a dependent variable. The following risk factors were investigated: gender, overjet, lip coverage, mother's schooling, father's schooling and household income.
The sample size was calculated to detect an odds ratio (OR) of 2.0 between cases and controls, in order to have an 80% power of demonstrating a significant difference between groups at the 5% level. The calculation was performed by using the proportion of children with accentuated overjet who exhibited TDI (58.9%) in a previous cross-sectional study. 22 The LEE (Laboratório de Epidemiologia e Estatística) software program was used to calculate the sample size, set at 103 children for each group.
Systematic sampling was adopted. Children were organized in a line according to their order of arrival for vaccination. After vaccination, the children were submitted to an oral exam in the same order. Systematic selection was used, where the first child is examined, the second is not, the third is examined, and so on.
Calibration exercise
Calibration was performed using images of different clinical cases in two separate sessions, with a one-week interval bet ween sessions. Kappa coefficients were calculated. Minimum intraexaminer and interexaminer agreement was 0.81 and 0.80, respectively.
Clinical data collection
The upper and lower incisor overjet and lip coverage were evaluated by a clinical oral examination. The children sat in a chair facing the examiner and a window, to maximize the use of natural light. The examiner used sterilized mouth mirrors (Duflex SS White, Rio de Janeiro, Brazil), a millimeter periodontal probe (Duflex SS White, Rio de Janeiro, Brazil), tongue depressors and gauze, in compliance with biosafety standards. Younger children were examined in the knee-to-knee position. Dental trauma was the dependent variable, diagnosed according to the criteria proposed by Andreasen and Andreasen. 5 Since radiographs are not viable in epidemiological surveys, 23 root and alveolar fractures were not recorded in the present study.
Overjet was measured using a millimeter periodontal probe (Duflex SS White, Rio de Janeiro, Brazil) positioned parallel to the occlusal plane, and was considered accentuated when surpassing 3 mm. Lip coverage was evaluated without the child's knowledge that he/she was being observed. Adequate lip coverage was recorded when the upper lip completely covered the maxillary incisors at rest. Inadequate lip coverage was recorded when part of the dental crown remained visible. 24, 25 Non-clinical data collection Information on socioeconomic aspects (monthly household income, parent's schooling, child's age and gender) was gathered through interviews with parents/guardians. The interview was conducted using a form previously formulated for this study. Income was categorized based on the Brazilian minimum monthly wage. 20 Parent's schooling (years of study) was categorized based on a cutoff point of eight years, which corresponds to the duration of a primary school education in Brazil. 20 
Statistical analysis
Data analysis was performed using the Statistical Package for the Social Sciences (SPSS for Windows, version 19.0, SPSS Inc. Chicago, USA), and included frequency distribution and association tests. Associations between TDI and the independent variables were determined using the McNemar test. This test was indicated owing to the pairing of the sample. Multivariate analysis was performed using logistic regression. The variables selected to construct the adjusted model had a p value of < 0.05 in the bivariate analysis. The odds ratios (OR) and their respective confidence intervals were estimated at 95%.
This study received the approval of the Human Research Ethics Committee of the Universidade Federal de Minas Gerais -UFMG, Brazil (registered under #232.444). The participants' rights were protected and parents/guardians signed a statement of informed consent prior to their participation. Children with dental problems were referred to the pediatric dental clinical of the university for free treatment.
Results
A total of 184 children participated in the study: 92 with TDI and 92 without TDI. The mean age was 44.38 months (standard deviation: 12.86 months). The maxillary left central incisor was the most affected tooth (21.5%). Table 1 shows the associations between TDI in the primary dentition and the socioeconomic variables. The higher frequency of inadequate lip coverage (p < 0.001) and accentuated overjet (p < 0.001) was observed among children in the case group. TDI was significantly associated with socioeconomic indicators of the mothers' schooling (p = 0.028) and household income (p < 0.001).
In the adjusted multivariate logistic regression (Table 2) , inadequate lip coverage was the only variable that remained significantly associated with TDI (OR: 5.35; 95% CI: 1.37-20.85), independently of the overjet. Thus, the case group children (TDI) had a 5.3-fold greater chance of presenting inadequate lip coverage, compared with the control children.
Discussion
The present investigation examined associations between the occurrence of TDI in deciduous teeth and gender, overjet, lip coverage and socioeconomic indicators, based on a case-control design. The participants were selected from a population-based cross-sectional study carried out in the city of Diamantina, Brazil, involving preschool children, and were allocated to two groups -one with TDI and the other without TDI.
No significant difference was found between the groups in regard to gender, corroborating the findings reported in previous studies. 1, 26 This lends support to the hypothesis that boys and girls between one and five years of age are exposed to the same risk factors for TDI, 12 since they develop the same activities and play the same games. However, there is no consensus in the literature regarding this association. Comparatively, a number of cross-sectional studies have reported that boys are more prone to TDI in comparison with girls of the same age.
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In the bivariate analysis, TDI was more prevalent among children with an overjet greater than 3 mm, corroborating findings reported in cross-sectional studies. 2, 11, 14, 28 This association may be explained by the greater inclination of the anterior teeth, which makes the maxillary incisors more exposed to impact, and, consequently, to TDI. However, one must exert caution toward how accentuated overjet is classified when comparing studies that assess this association, since the cutoff point for this variable ranges from 3 to 5 mm. 20, 27 Inadequate lip coverage is also considered a factor associated with TDI in the primary dentition. The lips play an important role in protecting the maxillary incisors, by absorbing part of the impact during a traumatic event. Thus, inadequate lip seal can increase the chance of TDI. In the present study, we found that children in the case group were more likely to be exposed to the risk factor of inadequate lip coverage. This is in agreement with findings reported in previous investigations, albeit conducted with different study designs. 11, 20 In contrast, a retrospective study involving children treated at a private clinic found no association between TDI and lip coverage. 13 Although the study cited also had a case-control design, the comparison with the present findings should be made with caution, due to differences in the sample selection process, since the present investigation was a population-based study. The association between TDI and overjet lost its statistical significance in the logistic regression analysis. This result suggests that overjet acted as a confounding factor in the association between inadequate lip coverage and TDI in the primary dentition.
Socioeconomic indicators (household income and parents' schooling) were associated with TDI in the primary dentition in the bivariate analysis. However, in the multivariate analysis, socioeconomic characteristics were not associated with TDI.
11,20,27
Studies addressing socioeconomic indicators report conflicting results, since some investigations found that families with greater purchasing power have more access to swimming pools, bicycles, roller skates and other activities that predispose children to falls and collisions that can result in TDI. 29 Moreover, this association may further be explained by the non-observance of safety rules.
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In contrast, one study found that the prevalence of TDI was greater among children from socially vulnerable families and those whose mothers had a lower schooling level.
17 Thus, the association between TDI and socioeconomic characteristics is inconsistent, and the differences encountered may be explained by the methods employed to evaluate these factors.
Study limitations include the absence of a radiographic examination. Some cases of TDI may have been missed because diagnosis required more than just a clinical examination. Another limitation was the fact that the calibration was conducted only by the observation of images. Calibration by the clinical examination of the children would have allowed a more detailed observation of the types of TDI. However, this study has strong points that should be pointed out, such as the investigation of a set of potential exposures to risk that may be associated with the etiology of TDI. Moreover, the acquisition of data from a population-based sample, in combination with the case-control design, underpins the results with stronger evidence, in comparison with previous investigations using a cross-sectional design or employing a hospital-based sample.
Conclusion
In conclusion, the present findings confirm that inadequate lip coverage was associated with TDI in the primary dentition. This underscores the importance of preventive measures. Preventing TDI can be accomplished by parent/guardian supervision of the child, and other measures, which include avoiding the use of walkers, and using mouthguards during sports or game playing where interpersonal contact is made. Actions such as these should be avoided because they predispose the child to TDI, by causing alterations in occlusion and oral musculature. Another way to avoid predisposition to TDI is to eliminate harmful oral habits, such as the prolonged use of pacifiers and bottles. 
